MD-A211 358 —CONPARISON OF THE LOWTRAN 7 CODE AND—SI-f-SATELLITE Ty o> —
HERSUREHENTS OF UV RADIANCECUY AIR FDRCE GEOPHVSICS LAB
R E HUFFMAN ET AL
UNCLASSIFIED RFGL TR 89 01 F/G 4/1 NL




““ 1.0 & M iz
=i
I Ml
==

flee

L2 it pio




' Unclassified . ’
SECURITY CLASSIFICATION OF THIS PAGE I

1b. RESTRICTIVE MARKINGS Tt e [a Y & e

Foob L0

4 RL.DOCUMENTATION PAGE U’ Z

3. DISTRIBUTION/ AVAILABILITY OF REPORT
Approved for public release; Distribution
unlimited

[ U V] S WP S RTINS SR

S. MONITORING ORGANIZATION REPORT NUMBER(S)

1 PERFOKMING ORGANIZATION H&ﬂUMBER(S %

GL-TR-89-0195

Lo NAME OF Puiti ORIVING ORGANIZATION bb OtFICE SYMBOU 7a. NAME OF MONITORING OrGANIZATION
(1t applicable)
LlU

: Geophysics Laboratory

ue ADDRLYS (Urty, Sstate, and 2P Code) 7b  ADDRESS (Crty, State, and Z1P Code)
i Hanscom AFB
¢ Mussachuscetts 01731-5000

P N I T P Y

du AR OF FUNDING / SPFONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMLNT 10 NTIFICATION NUMBER
ORGANIZATION (if applicable)
L3
y -
Mo ADDRESS (Crty, State, and 2P Code) 10 SOURCE OF FUNDING NUMBE IS
; PROGRAM PROJLC] TASK WORK UrIT
{ ELEMENT NO. | NO. NO. ACCESSION NO.
62101F 4643 ¢ 1l 01 i
PV HLTLE (Indude Security Classihication)
! Comparison of the LOWIRAN 7 Code and $3-4 Satellite Measurements of UV Radiance
v l
14 [
5 i
P PERLSONAL AUTHOR(S)
1 R.E. tHutfman, LA, Hall, F.J. LeBlanc#
tia trPL Of HEPOURT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) S PAGE COUNT

Reprint FROM TO 1989 August 8

$ 0 SUPPLEMENTARY NOTATION
*Northwest Rescarch Associates, P.O. Box 3027, Bellevue, WA 98009

N < b AL L1leQ N/
by WO O TTTTL LU T TR EASLECE IS AT !
;_'_L_ COSATL Cobits 18 SUBJECT TLRMS (Continue on reverse if necessary and identify by block number) }
! FLD I LROUP SUH GROUP © Ultraviolet; Space Sensors; Ultraviolet backgroundsyg 4
) i LOWTRAN 7 }
| i
i ) §
110 aBsTRACT (Continue on reverse 1f necessary and identify by block number) g
i !
| et Jations e S
¢ Atmospheric radinnee measurements and model caleulations in the 200-290 nin !
! . . . g . . : . b
waveleneth region are found to be in good agreement. The calenlations are made using the i
! recently released TLOWTIRAN 7 transmission and radiance code. Uhe measurements were {
! nicde in 1978 Trom the S3-4 satelhite, The mode! s inoexcellent apreement i repard to )
; rdianee level and o speetral variability in this region for the daytime, mid-latitode i
¢ measurement.. Under twilipht conditions, the ek of airglow and fluorescence emission
4 sources in the code lead o differences. Additions to the model to provide better
! aprecment ae under consideration, but at the present time, the code can be used for o ;
wide rieee of atmospheric problems, :
3
1 .

20 DI TRIBU 0N A aLABILTY OF AL TRACT 21 ABSTIG-T SECURIT ¢ CLASSIFICATION
Cluncrassisomnomten K same as Rer Clbric USERS Unclassiti d
Sy NAME Of RESPONSIELL INDIVIDUAL 22b. TELEPHONE (Incl: : - Area Code) 122¢ OFHILE SYMBOL N
R.E, Hut fman 6L7) 377- 1 1.1u :
DD FORM 1473, 84 man 83 APR edition may be used until exhausted.

All other editions are obsolete.

8 9 = ) C N Umgylagey i ficd

__SECURITY_CLASSIFICATION_OF "HIS_PAGY___




o]
W

z Y G
GL-TR-89-0195 gﬁ N "
. : . Accesto For ]
Compuarison of the LOWTRAN 7 code - ceesor Ton 1
and S3-4 satellite measurements of UV radiance  NTIS  CRA&I v
DTIC  TAB a
R.E. Huffman and L.A. Hall - Urannounced O
I Justihication
IR
Geophysics Laboratory/LIU (AFSC) By
Hanscom AIFB, MA 01731 Orstribution]
F.J. LeBlane ~ Avalabilty Codes
_ » Avat and | or
Northwest Rescarch Associates Oist . Special
P.0. Box 3027 | |
Bellevue, WA 98009 A1 L
ABSTRACT

Atmospheric radiance measurements and model calculations in the 200-290 nm
wavelength region are found to be in good agreement. The calculations are made using the
recently released LOWTRAN 7 transmission and radiance code. The measurements were
made in 1978 from the S3-4 satellite. The model is in excellent agreement in regard to
radiance level and to spectral variability in this region for the daytime, nid-latitude
measurements. Under twilight conditions, the lack of airglow and fluorescence emission
sources in the code lead to differences. Additions to the model to provide betler
agreement arve under consideration, but at the present time, the code can be used for a
wide range ol atmospherie problems.

The development of applications for the ultraviolet has been hampered by the lack
of sulficient attention to transmission and radiance models. We report here an initial,
partial answer to this need using the LOWTRAN 7 transmission and radiance model. This
code was originally developed tor the infrared, has been recently revised with a sigmificant
addition of coverage to a short wavelength limit of 200 nm. An initial report on
LOWTRAN 7 is available.!

We will demonstrate that the model radiance values agree well with previously
existing satellite radiance data for situations where solar scatter dominates the carth's

atmospheric radiance as seen from space.

2. LOWTRAN 7 IN THE ULTRAVIOLET

Among other improvements to the LOWTRAN transmittance and radiance code,
the wavelength region covered has been extended to 200 nm. In order to do this, the
atmospheric absorption by ozone has to taken into account using appropriate pressure and
temperature dependence. In addition, the absorption of molecular oxygen in the Herzberg




continuum and in the 0-0 and 1-0 bands of the Schumann-Runge system have to be
included. Fially, the daytime radiance is dominated by Rayleigh scattering, and so the
cross-sections for scattering have to be included.

Since the radiance is so tied to the solar {Tux, due to the Rayleigh scattering, it is
important 1o vse detailed and accurate solar flux values, FPor this purpose, solar irradiance
villues derived primanly from Spacelab measurements at 0.15 nm resolution have been
used. These detaled measurements allow the structure of the FFraunhofer lines on the solar
fiux to be seen.

[tis a general conclusion of solar rescearch that the flux in this part of the ultraviolet
does not vary with the solar cycle. Therefore solar activity does not need to be considered.
For shorter wavelengths, through the far and extreme UV, the flux does vary with soiar
activity and this conclusion does not apply.

While the LOWTRAN 7 code handles solar scatter very well, as we demonstrate
in this paper, it does require further development to handle situations where there s
arrglow or [Tuorescence, These situations occur at night and for himb observations that do
not include the scattering regions in the line-of-sight. It s planned to build on the present
model o add airglow and fluorescence contributions in the future. In addition, the
extension ol modcels with the capability of LOWTRAN to at least 100 nm is needed.

I SATELLITE RADIANCE MEASUREMENTS

The model measurements can be compared with the results of the experiment VUV
Backgrounds on the S3-14 suatellite. These measurements, which were published in 19807,
used dual Ebert-Fastie one-quarter meter spectrometers o obtain the atmospheric radiance
in the 110-290 nm region. The satellite was in a polar orbit at about 200 km altitude and
all measurements were in the nadir (carth-center) direction.,

The measurements were acquired in the April-September 1978 time period. Spectral
bandwidths of 1, 5, and 25 Angstroms were used. The dual spectrometer used
photomultiplier tubes for detectors. A tube with a cesium jodide photocathode was used
for the "VUV' range from about 110 to 180 nm. The data uscd for this comparison was
obtained with the "UV? range, from about 160 to 290 nm. The photomultiplier had a
cesium  telturide photocathode. The spectrum over the combined range of the dual
spectrometer was scanned in about 22 seconds, during which time the satellite had moved
about 170 km. For scattering and airglow in the mid-latitude and high sun conditions, no
geophysical spatiad structure would be expected.

The experiment included a sensitive photometer with a filter wheel. With this
instrument, data at four wavelength bands centered at 1216, 1340, 1550, and 1750

Angstroms were obtained.

The sensors were calibrated on the ground against standard detectors from the NBS




(now called NINT). The spectrometers appeared to hold their calibration over the six
months of the thght. However, some degradation was noticed for the photometer. The
satellite was in a sun-synchronous orbit with the day crossing of the equator at about 1030
hours.

4. COMPARISON_QF CODE_AND_MIASUREMENTS

Fipures 1, 2, 3, and 4 compare results of the model with the measurements, The
solar zemith angle as 24, 70, 90, and 94 degrees for the figures. The solid curves are the
model and the dashed lines are the measurements.

Note how the measurements and the model are in close agreement for hath the
structure in the curve and for the absolute value. As the solar zenith angle increases, the
mtensity of the radiance drops from thousands to tens of Rayleighs per Anpstrom.

For the S7ZA of 94 degrees, the breakdown of the current model can be seen. There
are aoseries of peaks in the measurements above the mean background levell In this
twilight situation, the solar scatter is becoming very weak. At the same time, the
luoreseence ol atmospheric nitric oxide excited by solar radiation comes to dominate the
cmission. The large peaks are all due to the NO gamma bands, which are well known both
i the laboratory and from space observations.

AL night, there is weak NO and molecular oxygen emission from chemically
produced airglow. These excitation sources are not in the current code. Both these sources
and fluorescence must be added to have a representative mid-latitude model.

3. CONCIUSIONS

The excelient agreement of the solar scatter code and measurements also prompts
us 1o use the code 1o eatend the UV radiance to the 290-400 nm region tor which we do
not have detled measurements. This extension © swown in Fig. S0 With the use of these
curves, applicatons of the UV to remote sensing ¢ be evaluated.

The availability of the LOWTRAN 7 model has lead to a revision of the previously
published ultraviolet radiance curve  for  mudlatitude,  nadir-viewing, overhead  sun
cunditions™. "The curve originally put in the Tandbook did not include the structure
observed in the 200-290 nm region. This structure has now been added and the current
version of the curve as shown i Fig. 6.

The authors wish to thank G.P. Anderson and F.X. Kneizys, GL/OP, for discussions
concerning this paper and especially for permission to use the LOWTRAN 7 code in
advance of its general release.
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Figure 1. Comparison of LOWTRAN 7 model (solid curve) and S3-4 satellite data
(dashed curve) for UV radiance. Solar zenith angle (SZ.A) is 24 degrees. Horizontal scale
is wavelength in Angstroms. Vertical scale is radiance in Rayleigh/Angstrom. Applies also
to TFigs. 2, 3, and 4.
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Figure 2. Same as Fig. 1, except SZA = 70 degrees.
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Figure 3. Same as Fig. | except SZA = 90 degrees.
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